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Chartssrepresentedwhichgivethecompressivebuckltigcoeffi-
cientforlocalinstabilityofa single-truss-coreanda double-truss-
coresandwichplate.Thesechsrtscovera widerangeof ssndwichpro-
portionsandmaybe usedforsandwicheswithunequalfaces.They
applyto in-planecompressiveloadsactingpsrallelorperpendicular
to thecoredirectionorforvariouscombinationsoftheseloads.

INTRODUCTION

Sandwich-plate
becauseoftheneed

constructionhasbeenof increasingimportance
forlight-weightstructuresinwhichdense

temperature-resistantmaterialssreused. Manysandwich-typeconfigu-
rationsemployingdifferentproductiontechniqueshavebeensuggested.
Thetwoconfigurationsshowninfigure1 aredesignatedtruss-core
sandwichesandhavebeenfabricatedby resistanceweldingprocesses.
preliminarycalculations(ref.1) indicatethatsuchconfigurations
sredesirablefroma weight-strengthbasis. In structuralanslysesof
theseconfigurations,the10CSLbucklingstressof thecrosssection
shouldbe known.Inthepresentpaper,thelocalbucklingstresshas
beendeterminedforthetypeof sandwichplatesshownin figure1. In-
planecompressiveloadsbothparallelandperpendicularto theaxisof
thecorrugationsmakingup thecoreofthesandwichareincludedin
theanalyses.

SYMBOLS

b

C2,F2,V2

plate-elementwidth

rotationalstiffnessof
jectto equalmcments
and3)

a plateelementwithedgessub-
ofoppositesign(seerefs.2
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E

k

k’

s

S11

SIV

acr
Subscripts:

c

f

rotationalstiffnessofa plateelementwithedgessub-
jectto equalmomentsof samesign(seerefs.2 and3)

modulusofelasticity

localbucklingcoefficient

bucklingcoefficientusedin stiffnesschsrtsandtables
(refs.3 and4)whenin-planestressesareactingin
twoperpendiculardirections(seeeq.(20))

rotationalstiffnessofa plateelementwithfaredge
clamped(seeref.4)

●

w

rotationalstiffnessofa plateelementwithfsredge
simplysupported(seeref.–h)

rotationalstiffnessofa plateelementwithedgessub-
jectto equalmomentsofoppositesign(seeref. 4)

sumofmcnnentsactingat a joint(clockwisemomentssre
positive)

.-

●

plate-elementthickness

anglesofrotationat jointsintruss-coresandwich
w

(clockwise rotationsarepositive)
.,..

plasticityreductionfactor

anglebetweencoreelementandface-sheetelement

bucklelength(halfwavelengthmeasuredInx-direction)

bucklelengthtobe usedin stiffnesschartsandtables
(refs.3 and4)whenin-plemestressesareactingin
twoperpendiculardirections(seeeq.(Q))

Poisson’sratio

bucklingstress(seeeq.(22))

refersto core

refersto facesheet ,4

“
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●

x refersto longitudinaldirection,thedirectionof axis
of core

u

Y refersto transversedirection

ANALYSIS

Forthepurposeof analysis,thecrosssectionsoftheconfigura-
tionsshowninfigure1 havebeenidealizedas showninfigure2 by
asswingthecoreto consistof straight-lineelements.Bucklingis
assumedto occurwithrotationofthejointsbutwithno deflectionof
thejoints.Thesandwichplateisassumedtobe of sufficientlength
andwidththatendeffectssxenegligible.Compressionloadsmaybe
appliedin eitherthelongitudinalortransversedirectionofthesand-
wichplate.

Thebasicunitofthetruss-coresandwichisthetriangleinwhich
theplateelementswe notamenableto theformationof simplebuckles
thatusuallyoccurinplatestructures.Forthisreason,theelements
srerestrainedby edgemomentswhichtendtoraisethebucklingstress.

. Forexsmple,itwasfoundthatthreeidenticalplatesforminga trian-
gulartubehavea bucklingcoefficientof4.7 as comparedwithk fora
squaretube.

M
Applicationof thetheoryofreference2 iswell.suitedforthe

determinationofthelocalbucklingstressofthetruss-coressmdwich.
Thetheoryisbasedonthefactthatthebuckledshapeofanyplate
elementina configurationcanbe identifiedwithan edgerotationand
anedgemoment.By satisfyingequilibriumat eachjoint,whichmeans
thatthesumofthemments ofallmembersat a jointis zero,the
stabilitycriterionis obtained.Therelationshipbetweenedgemoments
smdrotationscanbe obtainedfromstiffnessfactorsdefinedinrefer-
ence2. Themomentsactingona plateelementwithedgerotationsof
a and ~ aregivenby expression(16)ofreference2 as

attheedgewithrotationa smd

(1)

(2)

at theedgewithrotation~. In expressions(1)and(2), W2 isthe
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rotationalstiffnessofa plateelementwitha symmetricaldeflection e
and
Cal

lJ3 is therotationalstiffnessofa memberwithan antisymmetri-
deflection. Q

StabilityCriteriaforSingle-Truss-CoreSandwich

Someofthepossiblebucklingmodesforthesingle-truss-core
sandwichwithequalfacesheetsareshowninfigure3. Thestability
criterioncanbe writtenformodeA by notingthatoneendofeachof
thecoreelementshaszerorotation.It is convenientto denotethe
stiffnessesLL2or p3 as F2 or F5 forthefacesheetsandas C2
or C3 forthecore.‘Then,formodeA,

~2+C2+C3=0 (3)

FormodeB,

ZZl?2+C2+C3=0 (4)

andformodeC, .

F5+C2=0 ._ (5)
w

ModeD involvesa deflectionpatternthatismorecomplicatedthan
thepreviousones,andthesolutionmaybe obtainedasfollows:The
momentat anyJointwitha rotationa maybe obtainedfrm expres-
sion(1)as

‘U(c’:c3)a-(C3~‘2)’+c3a+(F2:F3)a-(F’iF2)’+F3a0
(6)

Similarlyat anyjointwitha rotation-~ themomentis:

(‘P = C3- c2)a- (C2+ c3)~ + (F3 -F2)a - (F2+F3)p = o (7)

Solvingequation(6)for a andsubstituting
thefollowingstabilitycriterionformodeD:

3Fz+F3+ 3CZ+ C3,=

intoequation(7) yields

o (8)

.
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Equations(3)and(4)sreidentical;therefore,bucklingwilloccur
inmodesA andB atthesamestresslevel.Thestabilitycriterionthat
givesthelowestvalueofthebucklingstressistheonethatapplies
foranygivencase. CalculationsshowthatmodeA appliesinmostcases,
butat lowvaluesof tc/tfmodeC governs.However,allmodesshown
infigure3 haveessentiallythesamebucklingcoefficientat lowvalues
of tc/tf.

If a sandwichwithunequalfacesbucklesas inmodeA, equation(3)
willagainapplybecausethethickerfacewillremainunbuckledand,
hence,willnotaffectthesolution.At lowervaluesof tcjtf,an
unequal-facesandwichmay
mentionedpreviously,all
samebucklingcoefficient
bucklingcoefficientsfor
witheswithunequalfaces
thicknessofthecoreand
unequal-facesandwich.

bucklesimilsrtomodeC. However;aswas
modesshowninfigure3 haveessentiallythe
forlowvaluesof t tf. Therefore,thec1
equal-facesandwichesmaybe usedforsand-
iftheratio tc/tf isobtainedfromthe
thethicknessofthethinnerfaceofthe

StabilityCriteriaforDouble-Truss-CoreSandwich

A generalmodeshapeforthedouble-truss-coresandwichwithequal
facesheetsis showninfigureh(a). Theanglesa, ~, and ~ may
takeon suchvaluesthatanyJointmaybe clampedor anS-curveor
a halfwavemayappearinanyelement.

Themmentsactingat Jointswithrotationsa, -P,and ~,
respectively,sre:

Ta = (F2+ F3)~- (F3- ‘2)~+ (c2+C3)~+ (C3-C2)’$=0

TP=,5‘F )‘F2a-(F2+F3)p - (C2 + C3)P+ (C3- C2)V= o

Tv = (C3- C4CL- (C3- c43 + 2(C2+ C3)W= o

(9)

(lo)

(11)

Equatingto zerothedeterminantofthecoefficientsof a, ~,and ~
willyieldthestabilitycriterionwhichiseither

2F2+C2+C3.0 (I-2a)
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2C2C3= ~F3+
C2+ C3

(la)

Thevaluesof ~ andof v maybe computedintermsof a withthe
useofequation(12a)or (12b)andequations(10)and(11).Theactual
modeshapescanthenbe constructedand=e giveninfigure4(b)for
equation(12a)andinfigure4(c)forequation(12b).Forthiscon-
figuration,thebehaviorofeachtriangleis independentoftherest;
therefore,thissolutionalsoappliesto a singletrianglewithtwo
identicalsidesorto a configurationrepresentedby theupperhalfof
thedouble-truss-coresandwich.Notethatequation(12a)is identical
to equation(3)endthatmodeA infigure3 isequivalenttomodeA in
figure4.

Ifthedouble.truss-coresandwichhasunequalfaces,thepartwith
thethinnerfacemaybuckleas inmodeA (fig.4(b)).Thismodewould
be independentofthethickerface;hence,equation(12a)is still
applicable.Forunequal-facesandwiches,thatbucklesimilartomodeB,
theuseofequation(12b)wouldleadto someerror.However,ifitis
assumedthatbothfacesofthessmdwich”havethesamethicknessasthe
thinnerface,equation(12b)willyieldresultswhichareonlyslightly
conservative.

AlternateFormof StabilityCriteria

In orderto calculatebucklingstresseswiththepreviouslyderived
stabilitycriteria,valuesofthevariousstiffnessfactorsmustbe
known. Chartsgivingvaluesof W2 and V5 arepresentedinrefer-
ence3. It is sometimesconvenientincalculationsto have-stiffnesse-s
givenintabuluformas isdoneinreference4. However,V3 isnot
tabulatedinreference4,buttherelationshipof V2 and p3 to the
stiffnessesgiveninreference4 maybe obtainedwiththeaidofexpres-
sions(1)and(2)andthedefinitionsofthevariousstiffnesses.

Inreference4,thestiffnessofa memberwitha symmetricaldeflec-
tionisdenotedas SIV;hence,

.

●

✌✍

SIV. ~2 (13)
.—

.

.
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Thestiffnessofa memberwiththefaredge
obtainedas follows:

Thestiffnessofa memberwiththefsredge
andisgivenby thefollowingeq.mtion:

S11..&Z
V2+IJ3

ThestabilitycriterionmaYbe Witten

7

clampedis S andmaybe

(14)

simplysupportedis s11

(15)

inthenotationofrefer-
ence4 whenequations(13),(14],ad (15)sreused. Equation(3)
whichwasfoundto applytoboththesingle-anddouble-truss-core
sandwichesmaybe writtenas

(16)

tc
At lowvaluesof q

equation(4)wasfoundto givethelowestvalue

ofbucklingcoefficientforthesingle-truss-coresandwichandmaybe
writtenas

2sf- s~f

Forthedouble-truss-coresandwich,
+

+s~c=o (17)

themodethatgovernsat lowvalues

of ~ isgivenby equation(12b)whichmaybe writtenas
‘f

2sf- (18)#Vf + sI~c= o

StiffnessofMembersSubjecttoTransverseIn-PlaneStresses

Thevsriousstabilityequationsderivedintheprecedingsections
applyfordirectstressesinboththeIongitudi@andtransversedirec-
tionsoranycombinationsofthesestresses.Thenumericalvaluesof
thestiffnessesgiveninreferences3 andb areforonlylongitudinal
compressiveloadingsbutcsmbe usedforthegeneralcaseby applying
themethodgiveninreference5. A particularvalueof stiffnessmay
be obtainedbyusingthechsrtsortablesofreferences3 and4, if

---
. . .

,..
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lfb and k me replacedwiththefollowing

and

k’ =

Equations(19)and(20)

It isassumedthat

h’_k)1 -.
b ~2

.3
x 2
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●

expressi~ns:

(20)

areequivalentto equtions(17)ofreference5.

loadsperpendicularto thecoredirectionare
—

resistedonlyby thefacesheets;-hence,thepresenceoftheseloads
affectsonlythestiffnessofthefacesheets.Chartsthatcoverthe
caseinwhichonlytransverseloadsarepresentsrenotavailable,%ut,
withtheuseofequations(19)and(20)togetherwiththeformulasin
reference2 andwiththeassumptionthat A/b approachesinfinity,the
governingstabilitycriterion(eq.(3))maybewrittenas .

g
2 &

()

tc 3
+4— Cose = o

r
‘f

‘an; %

(21)
-.

.—
●

RESULTSANDDISCUSSION

Theminimumvalueofthebucklingcoefficientkx thatsatisfies
theappropriatestabilityequationhasbeencalculatedandtheresults
aregiveninfigure5 forthesingle-truss-coresandwichandinfigure6

—

forthedouble-truss-coresandwich.Separatebucklingchartsarepre-
-.
—

sentedforvaluesof ky equalto O,0.5,ahd1.0. Valuesof ~ have
beencalculatedfromequation(21) forthecase
arepresentedinfigure7. Thebucklingstress

~2

w O

2
Gcr= f

I-2(1- —V2)bf

inwhich kx = O ‘and .——
canbe computedas:

(22)

.

.
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Thebucklingcoefficientssrepresentedas
mitlinearhorizontalinterpolationforbothof

tc
ables e and ~. Themethodof interpolation

figure8.

Thedashedlinesinfigures5 and6 divide

9

csrpetplotswhichper-
theindependentvari-

is illustratedin

thechartsintotwo
regions.Abovethedashediines,thefacesheetistheunstableele-
mentandisrestrainedby thecore.Belowthedashedlines,thecore
isunstableandisrestrainedby thefacesheets.Inthislowerregion
theactualbucklingcoefficientswillprobablybe slightlyhigherthan
thetheoreticalvaluesgiveninfigures5 and6, iftheactualcoreele-
mentsarecurvedratherthanflat. Thediscontinuityintheslopeof
thecurvesof figure6 msrksthetransitionfromonemodeto theother.
Equation(12a)appliesto theupperportionofthecurvesandequa-
tion(12b)appliesto thelowerportion.

Examinationoffigwres5 and6 indicatesthatthebucklingstress
inthelongitudinaldirectionwillbe appreciablyreducedby thepres-
enceoftransverseloadsintheplaneof thesandwichifthefacesheets
areprimsrilyresponsibleforbuckling.Ifthecoreelementsareunsta-
ble,thepresenceoftransverseloadsdoesnotalterappreciablythe
longitudinalbucklingstress.

Thecurvesoffigures5 to 7 arealsoapplicableto sandwicheswith
unequalfacesiftheratio tc/tf is obtainedfromthethicknessofthe
coreandthethicknessofthethinnestface. Infigure6, intheregion
belowthedashedlinethechsrtsmaybe slightlyconservativebutwill
be exact,or essentiallyexact,forotherproportions.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,April10,1958.
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Figure1.-Twotruss-coresandwichconfigurations.L-58-1038

tf1

(a)Singletruss.

tf1 rbfl

(b)Doubletruss.

Figure2.-Ideslizedcrosssectionsoftruss-coresandwichplates.

—



12 NACATN4292

.

w
a -a a -a a----- ----- ---

/ ----- --------- -

ClampedJ

(a) ModeA.

a -a a -a a----- ------ ---- ------ ------------ ---- --- --------

------- --- ------ ---
------ --- ---------------- --

-a a -a a -a Q

(b)ModeB.

a a a a a

-a -a -a -a -a -a

(c) ModeC.

a a -P a a-----
----- ---—- -

----- ●------ ---- --------- --------- ----
a -P a

(d)

Figure3.- Bucklingmodesfor

a -B a

ModeD.

single-truss-coresandwichplate.
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-B a -B a -B a

(a) Generalmodeshape.

a -a a -a a -a------ ----
----- ----- ------- -- ---- -----

\

--------- --
-a a -a a -a u.

(b) ModeA.

a a a a a a

a a a a a a

(c) ModeB.

Figure4.-Bucklingmodesfordouble-truss-coressndwichpla.te.
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Figure ~“.- LOCd buckling coefficientfor single-truss-coressmiwichplate.
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Figure 6.-LOCd buckI-ing

(a) ky = 0.

coefficientfor double-truss-corem,uduichplate.
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(b) ~ = 0.5.

Figure 6.-Continued.
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